Introduction

P
rematurity is an important adverse outcome measure of pregnancy. It is associated with severe morbidity and increased mortality. 1 Smoking, 2 low body mass index 3 , previous preterm birth, 2 social deprivation, 4 levels of education, 5 unemployment, 6 single motherhood, 7 being an immigrant 4, 8 and maternal age of <20 years 7, 9 or >35 years 3,9 are all associated with a higher risk of prematurity.
Timely and accurate antenatal screening is believed to be an important factor in preventing preterm birth. 10 Antenatal screening also has a positive influence in detecting some pregnancy complications, and this can trigger the offer of perinatal treatment to improve the outcomes and prognosis for preterm infants. 11 Taylor et al. 12 showed that women without any antenatal care are at higher risk for preterm birth. In France, women who attended for less than four visits or who started care in the last 3 months of pregnancy were at higher risk of preterm birth compared with those who attended more visits or who started care earlier. 13 The Adequacy of Prenatal Care Use index (APNCU) 14 is commonly used to measure antenatal care. The APNCU index considers the timing of initiation of care and the received number of visits, corrected for the duration of the pregnancy.
14 Women assigned to the APNCU 'inadequate' group have a lower number of visits compared with women in the 'adequate group'. Women in the 'inadequate' antenatal care categories are more likely to have a preterm birth compared with women in the 'adequate' group. 15, 16 When considering the number of visits, no effect on preterm birth was found when reducing the number of antenatal visits from nine to four. 17 However, there is no consensus about the quantity of antenatal care that women should receive. 18 Furthermore, the observation that a reduced number of visits have no influence is too limited because one can receive the same content of care in less visits. Until now, little attention has been paid to the content of care during these visits. This, however, would provide valuable information in the evaluation of care use. measuring antenatal care. 20 The CTP tool describes a minimum care package that is recommended in every pregnancy, regardless of risk status and parity. It comprises the timing of initiation of care and the number and appropriate timing of three interventions during pregnancy. This study aims to evaluate the association between levels of antenatal care received as recorded by the CTP, and the odds of preterm birth, in comparison with the APNCU index.
Methods
Data collection
Women were consecutively recruited at the beginning of their pregnancy in 9 out of the 11 medical centres in the Brussels Metropolitan Region. The study protocol has previously been described in detail. 21 In this prospective study, women were asked to document any use of health care by six multiple-choice questions: qualification of the caregiver, place of visit, date of visit, visit scheduled or not, reason for visit and content of received care. A diary was developed to record all antenatal visits in a standardized manner, and there was a protocol to explain how to use the diary. Bimonthly telephone follow-up interviews were organized to reduce recall bias and to verify the completeness of the data. Intercultural workers were employed to limit cultural barriers during the interviews. Women could choose to be called in one of the following languages: Dutch, French (two of the official languages of Belgium), English, Turkish or Arabic (the most frequent foreign languages spoken in Brussels). This selection covers the languages spoken by 95.5% of the population. The study was approved by all participating sites and by the Ethics Committee of the University Hospital UZ Brussels.
APNCU index
The APNCU index was designed by Kotelchuck 14 and assigns women into four categories. This index takes into account initiation of care (before or after the fourth month) and the number of visits during pregnancy. The observed number is compared with the expected number that a woman should have received according to the American College of Obstetrics and Gynecologists, accounting for the pregnancy duration (see figure 1 ). This index divides care trajectories into the inadequate, intermediate, adequate or adequate plus group. 14 To apply the APNCU index on our data, we used the expected number of antenatal visits for a given gestational age, as described in the Belgian guidelines.
Defining received CTP: CTP classification
As none of the existing indices considers content and timing of antenatal care, 19, 22 a new tool was developed for this study. To develop the CTP tool, different interventions in relation with pregnancy outcome were evaluated in the existing evidence in the literature. [23] [24] [25] [26] Congruence in the recommendations for antenatal care use in standard guidelines were also considered. 27, 28 This resulted in including three dimensions in the tool: the timing of the initiation of care; the number of three specific interventions; and timing of these three interventions during pregnancy. The interventions are blood screening tests, ultrasound examinations and blood pressure measurements. The CTP tool evaluates the provision of a minimal care package recommended for every pregnancy, regardless of parity or risk status. CTP leads to four ordinal categories (inadequate, intermediate, sufficient and appropriate) reflecting the appropriateness of the care trajectory. 'Inadequate' care corresponds with an initiation of care after the 14th week of gestation, or the provision of one of the three interventions lower than the minimum recommended. 'Appropriate' care includes women starting care before the 14th week of gestation and all three interventions being provided at least the minimum recommended number of times, and these minimal interventions occurring in the relevant trimesters of pregnancy according to guidelines. The remaining categories vary between those categories. The number of interventions that are evaluated corresponds with the minimum recommendations. The conceptualization of the tool was described previously. 20 An outline is provided in figure 2.
Personal and pregnancy-related characteristics
Preterm birth was defined as delivery before 37 completed weeks of gestation. Woman's age, marital status, educational level, occupational status and origin (nationality at birth) were recorded. Pregnancy-related variables were measured: parity, history of obstetric risk (previous preterm birth, low birth weight, miscarriage and/or still birth and admission to neonatal care unit) and medical risks during pregnancy (hypertension, pre-eclampsia, gestational diabetes mellitus, preterm contractions, hospital admission or anaemia).
Statistical analysis
After descriptive analyses, the association between antenatal care use and the occurrence of preterm birth was measured through a binary logistic regression. In the first model, antenatal care use was measured through the proposed CTP method. In the second model, the APNCU index was applied. First, unadjusted odds ratios (OR) were calculated, analysing the association with preterm birth. Afterwards, adjusted ORs were measured for both models, controlling for all the described personal and pregnancyrelated confounders fixed in the model. Because in the APNCU model, there were no women in the intermediate group, we Figure 1 Outline of the APNCU index, based on Kotelchuck, 1994. 14 *Received number of visits compared with the expected number accounting for pregnancy duration decided to cluster the inadequate and intermediate groups in both models. The clustered inadequate/intermediate group was used as reference category. Analyses were done in PASW 17. The HosmerLemeshow test showed a good fit for both models. Further, multicolinearity was tested, and the Nagelkerke R-square of the models was taken into account. Additionally, positive predicted values were calculated for each model, reflecting the number of preterm births that were classified in the inadequate/intermediate group for the CTP and the APNCU model. For each model, the sensitivity and specificity is given. The sensitivity represents the probability of a preterm birth being classified in the intermediate/ inadequate groups vs. the number of preterm births in the two lowest and the two highest groups. The specificity reflects the number of term births that are correctly classified (number of term births in the two highest categories vs. the sum of the number of term births in the lowest and highest categories).
Results
In the study, 333 antenatal care trajectories were recorded and analysed. Personal characteristics were compared with the most recent data from the national birth registration available for the Brussels Capital region (n = 16 801 in 2007). Except for marital status, our sample did not show any differences in terms of age, educational level, occupational status or origin. The study sample had less single mothers compared with the regional data (9.3 vs. 17%, respectively) (P < 0.001) (Chi 2 -squared analysis, results available on request). Twenty-four (7.2%) women delivered before 37 completed weeks of gestation. This number is comparable with data from the Brussels Capital Region [6% for live born singletons in 2008 (P > 0.05, Chi 2 -squared test)]. Looking at personal characteristics (table 1) , we observed 7.1% of the teenage women with a preterm birth and 9.9% in the age group !35 years. In the group of single women, 12.9% had a preterm birth. The number of preterm births was 8% in women without higher education, 7.7% in women without occupation and 8.1% in women with a Maghreb origin.
Concerning pregnancy-related characteristics (table 1) , women with a previous preterm birth or other risk in pregnancy history had a preterm birth rate of 8.7%. In the group of women with medical risks during the current pregnancy, the number of preterm births was 25.5%.
When comparing the antenatal care trajectories in our sample, we found a significant difference between the two measures, APNCU and CTP (Chi 2 -squared P < 0.01). We found that 17.6% of the The association between received care during pregnancy and the occurrence of preterm birth (table 2) could only be observed in the CTP model. Unadjusted ORs show that for women in the 'appropriate' group, compared with the 'inadequate/intermediate' group, the OR for preterm birth was about four times less (OR 0.28; 95% CI 0.10-0.80). When controlling for confounders, the association became even more pronounced. We observed a lower risk of preterm birth for women who had care that met the criteria for a higher CTP category. The odds of having a preterm birth in women in the 'sufficient' group was three times less compared with the 'inadequate/intermediate' group (OR 0.30; 95% CI 0.09-0.94). This dropped to 0.21 in the 'appropriate' group (95% CI 0.06-0.68). When only the number of visits was calculated, as measured by the APNCU index, we could not observe a relation with preterm birth. The inclusion of content of care-as part of the CTP tool-led to increased predictive value for preterm birth. The positive predictive value was 14.5% for the CTP tool and 3.1% for the APNCU index with a sensitivity of 37.5 vs. 0.04% and a specificity of 82.8 vs. 57.9%, for both measures, respectively.
Additional analyses were carried out excluding pregnancies with medical risks (51/333). Both models were rerun, including 11 preterm births, and showed comparable results with the full sample. Although no relation was found between preterm birth and APNCU, women in the CTP appropriate group had the lowest risk on preterm birth (OR 0.16; 95% CI 0.028-0.89), followed by the women in the sufficient group (OR 0.19; 95% CI 0.037-0.96) (results not shown but available on request). These findings strengthen our hypotheses that the content of received care is important in relation with preterm birth.
Discussion
In this study, two methods of measuring antenatal care use and their association with preterm birth were compared. The results showed that the inclusion of elements of content and timing of care is associated with a more accurate assessment of preterm birth, compared with considering the number of visits only, as in the APNCU index.
The CTP tool was conceptualized to examine risk factors of women that do not receive adequate care, as was the APNCU. However, the APNCU index is now often used in studies on birth outcome. 15, 16, 22, 29 The study of Bloch et al., 30 which evaluated the Kessner and the APNCU index in relation to preterm birth, concluded that a more sensitive method of measuring antenatal care was necessary. Simply counting visits is insufficient to evaluate adequacy of antenatal care, especially with regard to preterm birth. 30 Women may receive the same content of care in a smaller number of visits. Different authors 19, 30 concluded that the current indices lack the evaluation of content and quality of antenatal care use. The conceptualization of the CTP tool can be seen as a first attempt to achieve this. Besides initiation of care, also the number of blood pressure measurements, blood screening tests, ultrasounds and their appropriate timing during pregnancy are evaluated. These elements were chosen primarily because of their importance in relation to pregnancy outcome. [23] [24] [25] [26] In addition, these interventions are recommended in international guidelines for antenatal care use. 27, 28 Women in the CTP 'appropriate' care group started care within 14 weeks of gestation and received a minimal number of interventions at the appropriate times. One explanation for these findings might be that in these women, risk factors for preterm birth were more likely to be noticed, and that treatment or preventive care could be set up in a timely manner, compared with women in lower CTP categories.
Heaman et al. 16 found the highest risk of preterm birth in women in the APNCU inadequate or no-care group compared with the other groups. Other authors 15, 22 observed the lowest risk of preterm births in the APNCU adequate group compared with the other groups (inadequate, intermediate and adequate plus). Although this U-shaped trend, with the highest risk in the inadequate and adequate plus groups, found in these other studies 15, 22 is comparable with our results, the relation between APNCU and preterm birth was not significant. The author of the APNCU index described that a higher likelihood of an adequate plus rating in preterm births is inherently related to the conceptualization of the index.
14 It is hypothesized that a higher risk of worse outcome in the APNCU adequate plus group is related to the need of more visits in high risk women. 31 In our study, we controlled for risk status, but the association between APNCU and preterm birth remained non-significant. Application of the CTP tool showed a positive association between antenatal care and the risk of preterm birth. Women receiving an appropriate care trajectory had the lowest risk of preterm birth.
When comparing both methods, a higher number of women were assigned to the 'inadequate' or 'intermediate' group using CTP compared with APNCU. This means that, although women receive a high number of visits (APNCU adequate or adequate plus), they do not always receive the minimal care package that is advised in every pregnancy. Our results suggest that CTP might be a valuable choice to measure antenatal care use when evaluating pregnancy outcome compared with the APNCU index that only considers attendance of care.
Some limitations of our study need to be addressed. First, even if the number of preterm births (7.2%) was comparable with numbers in other European countries (6-8%), 7 this study is based on a rather small sample. We needed to find a balance between the number of cases to be included and the level of detail of the information to be collected. In contrast to the findings based on the APNCU model, however, the sample size was sufficient to detect differences in preterm birth rates between the different CTP categories. The method of self-report was chosen because no data on received antenatal care use is routinely collected in Belgium, and use of medical files would lack information on antenatal care use outside the initial setting. A methodological consequence of CTP is that it does not make a judgment on over-utilization of care because information on reasons that might justify intensive utilization was not available. There is also some debate on the optimum elements of antenatal care. Therefore, CTP focuses on one particular construction of a minimal care package, needed in every pregnancy, regardless of parity or risk status. Future studies might test and refine the efficacy of these specific elements of care. Further, a plausible barrier to apply the CTP tool might be the need for detailed information on timing of the interventions in pregnancy. This information might not always be available through standard birth registration forms, and so it would require additional data collection. On the other hand, to prevent preterm births, health policy makers should demand adequate data recording that can contribute to effective quality control measures. Tools such as the CTP may help decision makers in their choice of what data should be collected in the future.
Our results show that when evaluating the association between antenatal care and preterm birth, the inclusion of elements of content of care is important, and therefore the proposed CTP method might be a valuable tool. CTP can be seen as a first attempt to meet the demands of those recommending the inclusion of more than simply the number of visits when evaluating antenatal care trajectories. 16, 19, 30 We invite other researchers to test the usefulness of CTP on a larger scale and in other contexts.
The content of care received in pregnancy is associated with preterm birth. Women that started care before the 14th week of gestation and received a minimal number of blood pressure measurements, ultrasounds and blood samples in the relevant pregnancy trimesters had the lowest risk for a preterm birth compared with women receiving less appropriate care. The CTP tool measures preterm birth in a better way compared with the currently used APNCU. The APNCU index takes into account initiation of care and number of visits, corrected for gestational age without evaluation of the content of care received. To evaluate whether improved antenatal care use results in a reduction of preterm births, health policy makers will need adequate data recording that can contribute to effective quality control measures. Tools such as the CTP may help decision makers in their choice of what data should be collected in the future.
